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@ Polarizing optical element and device using the same. 



0 A polarizing optteal element (7) which comprises a first substrate (7a) having a first surface fonned with first 
and second gratings C7c, 7d) so as to cross relative to each other at a predetermined crossing angle (T), each of 
If 1 "^"^ ^ ^ ^ratina pitch (A) equal to or smaller than the wavelength of a laser 

beam which may be incklent upon the polarizing optical element (7). A magneto^ptical head system of a type 
"Z^"^ ^^"^ a laser beam on a magneto^ptical recording medium aS 
utilizing a magnetOK)pticaI effect for reading infomiaflon. recorded on the magneto^ptical recording medium, by 
me uftlization of reflected or transmitted laser beams reflected from or transmitted through the magnetOK>ptica^ 
recording medium and utilizing the polarized optrcal element (7) is also disclosed. 
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The present tnvention relates to a magneto-optical head utilizing the magneto^pticai effect to read 
mfomiation from a magnetoK)pticaJ disc and a polarizing opticia element used in the magneto^tical head 
The present .nventon also relates to a polarization analyzing device for detecting diffracted Itaht from the 
polanzing optical element ^ 

As a writable and erasable infonnation earner, a magnetOH)ptical medium is well known in the mari<et 
!!i infom«tioo on or from the medium, respectively, the magnetoK)ptlcal medium 

exh*.ts such a characteristic that when a laser beam Is rad«ted to the disc accompSed b/an incr^^ 
temperature thereof, the coerdve force of the disc Is lowered. On the other haS wiin rJi^Z 
recorded Infonnation from the magnetOKiplical medium. Kerr effect or Faraday eWect'is utilized. In oth^ 
|««^bylheutli=^ofaph« 

through themagnet.zed magnetOH)plical medium, the polarizing plane rotates. lnfom«tion recorted«^fte 
|^ne^ojrti«l medium fe read 

TT^^^J? "Sl^to^ head assembly used for the infoanatoTrSding by S 
utiumon of Kerr effect or Faraday eaect Is Hlustrated in Rg.1 of the aca ^ ^ 

Referring to Fig. 1. reference numeral I represents a semiconductor laser soume for emHtina a laser 

6 after having been coUhnated by a «,lfimator 
lens 2 and after having suttsequenHy been passed through a beam shaping prism 3. then ttrouoh a fiS 
beam splitter 4 ^d finally through an objective lens 5. Reference niZalirmpresen^ aSd b^ 
splrtten reference numeral 22 represents a polarizing beam spOtten reference nuXjs 26 andl^Spr^t 
respective first and second photo^letectors each comprised of a photodiode: reference nume^S 
represent a fourHllvision photo^etector assembly comprised of four photodiodes: refer^ ZJrel 3^ 
::p^= rjZZ'^Z. ^^-^ ^ '^-^ er^r ^ a .ac«^ erron .d reference :S ^2 

The illustrated magneto^ptical head assembly of the construction shown in Rg. i operates in the 
following mann«-. The laser beam L emitted frem the semiconductor laser source 1 is. aft^lg b^ 
collimat^ by the collimator lens 2. passed through the beam shaping prism 3. The beam^n^ ^IsTS 
-s operaWe to render the cross-section of the colUmated laser beam L to represent a drcular^sSTn^ 

t^;J^.^^J^ "^^^ *^ '^^ ^''^■"9 3 is. after trS^SZ^^t. 

the firet beam splrtter 4. condensed by the objective lens 5 and then projected onto the m3o3^ 
medium 6. The laser beam L so projected onto the magneto^ticai meJum 6 is refl^ bScCS S 
fist beam splitter 4 through the objective lens 5. 

menintonMaonis being written on the magneto^tical medium 6. the laser beam has its polarizina 
plane rotated under the InHuence of Kerr effect and subsequently entere the first beamlpWt^^rS 

fnrJS^ ? J"* beam spotter 4soastotravelalongapath different from the path through JS, the 
incoming laser beam has passed through the first beam splitter 4. The laser beanTdef^d hv^tTs^ 
beam spntter 4 is indicated by Li ^ trevels towards J second bL^iSHl -^flS,^,^ 
beam L entenng the second beam splitler 21 is in part deflected so as to traTel towardsTe S^etS 
assembly 28 and in part passed therethrough towards the polarizing beam splitter 22 P''"'*^^*^^^^ 
The reflected laser beam travebig from the second beam splitler 21 towanls tha nh«hw<«f^.«, 
assembly 28 as indicated by is detected by the photo^etector S^e^L^^i^^ 
which assembly 28 is suppBed to the emx detector 31 for the deteSToV ttf i^j^sir^ 
tracking error. Should one or both of the focusing and tracking errors^r ti^^e^SST^iT^ 
an output Signal to a seo«, system (not shown) well known to those sSSi in^r^ ^SSt 
eliminate the focusing enor and/or the tracking enor. On the other hanTthe reSeJeJ ^ bS^^jS 
passedjhroug^^ second beam spBtter 21 and traveling tewa«Jsl!e p^iS^^TsSZ ^^2 
defS!2 l*!:: "^"^ '^'^ photCHletecta 26^^ ind^teTy if p5 

^^■IZT^ ^ so as to travel towards the photo^etector 27 as ^'tj 

L9. The intensity of each of the laser beams L8 and Ld incident upon the photo^letectore 2sl^97 
respectively, varies with a change in polarizing state of the rofleS teernSH?^ ih^' 
^^r^'^'^J™" -nagnet^opticai medium 6 can be^ uTby^^^* 
ZZ!^ Pt'oto.^BCtore 26 and 27 With the use Of the dSflmial^aS 

However, in the prior art magnetooptkal head assembly, since one and the same reflected laser beam 
L6 .s used for the detection Of the focusing error and that Of tt« tracking error, a crosst^^ 
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between these two detection systems, posing a problem in ttiat one or both of the focusing and the tracking 
tends to become insecure. 

In order to liminate the above discussed problem, the magneto-opticai head system wherein the 
reflected laser beam L6 is further divided into two components for use in the detection of the focusing error 
5 and that of the tracking error has been proposed, such as shown in Rg. 2 and Rg, 3. 

According to ttie system shown in Rg. 2, a third beam ^^tler 23 is disposed on the path f travel of 
light from the second beam splitter 21 towards the photo-detector 29. This third beam splitter 23 is utilized 
to divide the laser beam LB into two light components LI 0 and LI 1; one component traveling towards and 
detected by a third photo-detector 29 and the other component traveling towards and detected by a fourth 
10 photo-detector 40. An output from the photo-detector 29 is supplied to a focusing error detector 34 whereas 
an output from the photo-detector 30 is supplied to a tracking error detector 33. In this circuit constmction. 
since the separate detectors 34 and 33 are used for the detactkxi of the focusing error and the bracking 
em>r. respectivety. no problem assodated with the signal cros»4alk occur. 

In the system shown in Rg. 3. arrangement has been made that the laser beam reflected from the 
75 magnetcH>ptical medium 6 is aikiwed to be in part deflected by the flrst beam splitter 4 so as to travel 
towards the polanzing beam splitter 22 and in part passed theraihrough towards a fourth beam spfitter 24 
disposed on the path between the first beam splitter 4 and the beam shaping prism 3 so that the r^iected 
laser beam entering the fourth beam spfitter 24 can be deflected, as the laser beam L12« towards the third 
beam splitter 23. In this anrangement while the laser beam LI deflected by the first beam splitter 4 is 
20 utilized for the information processing in a manner similar to that descrit)ed with reference to Rg. 1. the 
laser beam L12 deflected by the fourth beam splitter 24 is divided into the beam components L10 and L1 1 
by the third beam splitter 23 in a nrianner similar to that described with reference to Rg. 2 for the detection 
by the photo-detectors 29 and 30. respectively. Even in the system of Rg. 3, the separate detectors 34 and 
33 are used for the detection of the focusing error and the tracking error, respectively, no problem 
25 associated with the signal cn>ss-talk occur. 

A further approach to eliminate the problem associated with the cross-talk is illustrated in Rg. 4. 
According to the system shown in Rg. 4, arrangement has been made that the reflected laser beam LI 
entering the polarizing tjeam splitter 22 is divided by such polarizing beam splitter 22 into tfw light 
component L8 and L9 %4wch are respectively detected by the photo-detectors 30 and 29 which are 
30 connected with the tracking error detector 35 and the focusing error detector 34. Respective outputs from 
the tracking and focusing enror detectors 33 and 34 are supplied to a comparator 32 operable to provkJe an 
output signal irwiicative of the difference in intensity t)etween the fight components L8 and L9 for reading 
information recorded on ttie magneto-optical medium 6. 

In any one of the prior art magneto-optical head systems shown in and described with reference to 
35 Rgs. 1 to 4, respectively, since the detection of the focusing condition and the tracking condition lequires 
the use of a plurality of beam spfitters 21 to 24 for dMding the reflected laser beam LI into a conresponding 
number of light components, not only does the magneto-cptk:af head assembly tend to become buky. but 
also the use of the expensive optical elements makes the manufacture costly. 

In particular, in the system shown in and described with reference to Rg. 1 . since one and the same 
40 beam Is used tor the detection of the focusing enror and that of the tracking error, the problem associated 
with the cross-talk occurs. Although any one of the systems shown in Rgs. 2 and 3. respecfively. is 
effective to eRminate this problem, the extra beam splitter is required in the system of any one of figs, 2 
and 3 as compared with the system shown in Rg. 1 . making the system as a whole bulky and expensive. 
On the other hand, in the system of Rg. 4. although the magneto-optk^al head assembly can be made 
45 compact as compared with that shown in and descrit>ed with reference to any one of Rgs. 2 and 3. it has 
been experienced that, since the intensity of the laser beam L8 whrch has l)een passed through the 
polarizing beam splitter 22 and the intensity of the laser beam L9 whk:h has been deflected by the 
polarizing beam splitter 22 tend to vary in conrespondence with the change in level of the signal recorded 
on the magneto-optical medium 6. the intensity of the t>eam used for the detection of the focu^ng error and 
50 tiiat for the detection of the tracking error vary correspondingly to such an extent as to result in ttie unstable 
signal processing performed by the focusing and tracking error detectors 34 and 33. 

Apart from the above, it is well known that tt>e diffraction grating having a grating pitch not greater than 
the wavelengtti of fight esdnbits a (Effraction efflctency dependent on ttie polarization of the incident fight, 
such as discussed by Mohara. et al.. Appl. Optics. VoI.23.No.18a3214. 15th September, 1984. A series of 
55 experiments conducted witii the use of the diffraction grating wherein the grating pitch A is 0.5 micrometers 
have shown that as shown in Rg. 5. when th wavelength x of the fight incident upon such (fifftaction 
grating is 780 nm. S polartzsd fight and P polarized fight have given respective diffraction effldenctes which 
are constelerably different from each other. 
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In view of the foregoing, tfie substitution of the cfiffraction grating for the polarizing beam splitter 22 
employed in the system of Rg. 1 for separating the reHeded laser beam Li d fleeted from the first beam 
splitter 4 would eliminate th use of the expensive optical element. However, the mer replacement of the 
polarizing t>eam splitter with the diffraction grating tencte to increase the bulkiness of the magneto-optical 

5 head assembly as a whole with no number of necessary component parts minimized. 

The above discussed problem may be found in other applications that the magneto-optical head 
assembly. In other words, considering a problem inherent the polarizing optical element itself operable to 
reflect a portion of the laser light and to transmit therethrough the remaining portion of the same laser light 
only one reflected light and only one transmitted light are available therefrom and, therefore, the system will 

70 require the use of an increased numt>er of polarizing optical elements if a large amount of information Is 
desired to be handled. On the other hand, considering a problem inherent in the polarization analyzing 
device in which the differentiat detector is provided for detecting the difference in intensity between light 
components separated by the polarizing optical element the system will require the use of an increased 
numt)er of polarizing optical elements if a large amount erf information is desired to be hancfled. 

15 

SUMMARY OF THE tNVEhmON 

Accordingly, the present invention has fc>een devised with a view to substantially eliminating the above 
20 discussed problems mfierent in the prior art systems and has for its object to provide an improved 
polarizing optical element effective to handle an increased amount of information. 

Anottier important object of the present invention is to provide an improved polarization analyzing 
device inexpensive to make and utilizing tiie polarizing optical element of the type referred to above. 

A further important object of the present invention is to provide an improved magneto-optical head 
25 assembly which employs a minimized numt>er of component parts and is compact in size. 

According to one aspect of tiie present invention, ttiere is provided a polarizing optical element which 
comprises a first substrate having a first surface formed with first and second gratings so as to cross 
relative to each other at a predetermined crossing angle, each of said first and second gratings having a 
grating pitch equal to or smaller than the wavelength of a laser t>eam which may be incident upon the 
30 polarizing optical element 

Preferat^y. tiie polarizing optical element may have a generally piate-IIke semitransparent reflective 
layer. 

Preferably, the polarizing optical element may have a semib'ansparent reflective layer overlaying the 
tirst ar>d second gratings and a second sulfate having a smooth surface arKi an indented surface opposite 

35 to each other, sakj second substrate t^ing laminated over ttie first and second gratirtgs with ttie indented 
surface held in contact therewith. In tiiis case, the indented surface of the second sut)stFate shoukt be in 
compfemental relationship in shape to the first and second gratings so tiiat when tiie semitransparent 
reflective layer is overlaid over tiie first and second gratings, no interstices or voids will be formed between 
tiie first and second gratings and tiie indented surface of ttie second substrate. 

40 Again preferably, ttie polarizing optical element may further comprise a light reflective layer. This tight 
reflective layer is fornied over the first and second gratings. 

According to anottier aspect of tiie present invention, ttiere is provided a polarization analyzing device 
which comprises ttie polarizing optical element, a first error detector responsive to the transmitted laser 
beam from ttie polarizing optical element for detecting one of focusing and tracking comjBtions. a second 

45 error detector responsive to ttie reflected laser beam from the polarizing optical element for detecting tiie 
other of the focusing and tracking conditions: and a cfifferential detector operable to detect ttie difference 
between tiie two transmitted and diffracted laser t>eams ttiereby to read ttie information from the magneto- 
optical recording medium. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

hi any event ttie present invention will become more deariy understood from the folkswing description 
of preferred mbodments thereof, when taken in corjunction with tiie accompanying drawings. However. 
55 ttie emtxxliments and ttie drawings are given only for the purpose of illustration and xplanation. and are 
not to be taken as imiting ttie scope of th present invention in any way whatsoever, which scope Is to be 
d termined solely by ttie appended claims. In the drawings, tike r ference numerals denote Hke part in ttie 
several views, and: 
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Rgs. 1 to 4 are schematic diagrams showing the prior art magneto-optical head systems; 
Rg. 5 is a graph showing characteristic curves illustrating r spective diffraction fficiencies of the S 
polarized light and th P polarized fight; 

Rg. 6 is an exaggerated perspective view of a polarizing optical el ment according to a first preferred 

5 mbodiment of the present invention; 

Rg. 7 is a cross-sectional vi w taken along the line VII-VII shown in fig. 6; 
Rg. 8 is a cross-sectional view taken atong this line VIII-VIII shown in Rg. 6; 

Rg. 9 Is a schematic diagram showing a magneto-optical head system utilizing the polarizing optical 
element shown in Fig. 6; 

10 Rg. 10 is a schematic perspective view showing the angles of orientation of the polarizing optical 

element according to the first prefen-ed embodiment of the present invention; 

. . . Rg. 11 is a table showing results of experiments conducted to measure respective intensities of 
^diffracted laser beams relative to the angle of the polarizing plane of the incoming laser beam: 

Rg. 12 Is a graph showing characteristic curves illustrating change in respective intensities of the 
/5 diffracted laser beams when the projection angle 2a is selected to be 90* in tfie system of Rg. 9; 

Rg 13 is a graph similar to Ftg. 12, showing characteristic curves illustrating change In the respective 
intensities of the diffracted laser beams when the projection angle 2o is selected to be 67 ; 

Rg. 14 is a schematic perspective view showing the relationship between the angle A of orientation 
of the polarizing optical element according to the first prefenred embodiment of the present invention and 
20 the crossing angle T t>etween two gratings formed therein; 

Rgs. 15(a) to 15(c) are schematic diagrams, respectively, illustrating the sequence of manufacture of 
the polarizing optical element according to tfie first preferred embodiment of the present invention; 

Rg. 16 is a schematic perspective view showing a modification of the polarizing optical element 
wherein tiie first and second gratings are curved; 
2S Rg. 17 is a schen^c perspective view showing another modification of the polarizing optical 

element wherein each of the first and second gratings has a progressively varying grating pitch; 

Rg. 18 is a schematic diagram showing a modification of the magneto-optical head system utilizing 
the polarizing optical element shown in Rg. 6; 

Rg. 19 is a schematic diagram showing the magneto-optical head system utilizing the polarizing 
30 optical elernent according to a second preferred embodiment of the present invention; 

Rg. 20 is an exaggerated side sectional view of the polarizing optical element according to the 
second preferred embodiment of the present invention; 

Rg. 21 is a schematic diagram showing ttie relationship t)etween the incident laser beam and the exit 
laser beams applicable where the polarizing optical element according to the second prefenred embodiment 
35 of the present invention is used as a transmitted four-division element; 

Rg. 22 is a schematic diagram showing the magneto-optical head system utilizing tfie polarizing 
element according to the second preferred emlxxfiment of the present inventiwi: 

Rg. 23 is a schematic perspective view showing ttie angles of orientation of ttie polarizing optical 
element according to ttie second preferred embodiment of the present invention; 
40 Rg. 24 is a graph showing characteristic curves illustrating change in respective intensities of ttie 

diffracted laser beams relative to the rotation of ttie polarizing plane in tt>e second preferred embodiment of 
the present invention; 

Rg. 25 is a schematic diagram showing a different arrangement of various photo-detectors relative to 
ttie polarizing optical element according to ttie second prefeaed embodiment of ttie present invention; 
45 Rgs. 26 and 27 are schematic sWe sectional views sfiowing respective modifications of ttie polarizing 

optical element according to the second preferred emlxxliment of ttie present invention; 

Rg. 28 is a schematic skle view of ttie modified polarizing optical element which provides ttie basis 
for ttie polarizing optical element according to ttie second preferred embodiment of ttie present invention; 

Rg. 29 is an exaggerated side sectional view of ttie polarizing optical element according to a ttiird s 
50 preferred embodiment of ttie present inventkin; 

fig. 30 is a schematic diagram showing ttie magneto-optical head system employing ttie polarizing 
optical element according to the third preferred embodiment of ttie present invention; 

Rg. 31 is a schematic perspective view showing ttie angles of orientation of ttie polarizing optical 
element accortfing to ttie ttiird preferred embocfiment of the present invention; 
55 Rg. 32 a graph showing characteristic cun^ illustrating change in respective intensities of ttie 

diffracted laser beams in tti ttiird preferred embodin>ent of ttie present Invention; 

Rgs. 33 and 34 are schematic sWe sectional views showing respective modifications of tiie polarizing 
optical element according to the third preferred emlxxliment of tt>e present invention; 
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Fig. 35 is a sch matic side sectional view of th polarizing optical element according to a fourth 
preferred embodiment of the present invention; 

Fig. 36 is a schematic diagram showing th magnetOK)ptical head syst m employing the polarizing 
optical element according to the fourth pref rred emtxxjiment of th present invention; 
5 Fig. 37 is a schematic perspective view showing the angles of ori ntation of the polarizing optical 

element according to the fourth preferred embodiment of the present invention; 

Rgs. 38 and 39 are schematic side sectional views showing respective modifications of the polarizing 
optical element according to the fourth preferred emtxxiiment of the present invention: and 

Rg, 40 is a schematic diagram showing a different arrangement of the photo-detectors relative to the 
10 polarizing optical element according to the fourth preferred embodiment of the present invention. 



DETAILED DESCRIPTION O F THE EMBODIMENTS 

;s 

Referring first to Rgs. 6 and 7 illustrating a first prefenred embodiment of the present invention, there is 
shown a transparent three-division element (polarizing optical element) 7. This three-division element 
comprises, as best shown in Rg. 7. a generally rectangular suljstrate 7a having one surface formed with a 
multiple of minute projections 7b which are patterned to provide first and second cross gratings 7c arKJ 7d. 

20 Each neighboring minute projections 7b are spaced a predetermined pitch, for example. 0.52 micrometer, 
which is smaller than the wavelength, for example. 830 nm. of a laser beam incident thereupon in 
respective directions shown by the arrows 0 and D. 

The first grating 7c has a predetermined grating height he as measured from grooves 7e shown by the 
phantom lines in Rg. 7 and is operable to emit diffracted light 12. On the other hand, the second grating 7d 

25 has a grating height fid as measured from grooves 7f and is operable to emit transmitted and diffracted light 
L3. It is to be noted that although in Rg. 6 a grating appears to exist in a direction shown by the line m - n. 
the cross-sectional representation of the threoKiivision element 7 taken along the line m - n indicates, as 
sho'/m in Rg. 8 which illustrates the cross-section of the three-division element 7 taken along the fine Vlll- 
VIII in Rg. 6. there is no grating height and, therefore, no grating exist. Where the grating heights he and hd 

30 shown in Rg. 8 are chosen to be equal to each other, the respective diffraction efficiencies of the first and 
second gratings 7c and 7d become equal to each other. 

A magneto-optical head assembly utilizing the three-division element 7 of the construction shown in and 
described with reference to Rgs. 6 and 7 is shown in Fig. 9. Referring to Rg. 9. the three-division element 7 
is disposed between tf»e beam splitter 4 and the four-division photo-detector assemtMy 28 together with a 

35 sensor lens 8 positioned between the three-division element 7 and tfte photo-detector assembly 28. This 
thme-dtvision element 7 is so positioned at a predetermined angle of orientatioa as will be described with 
reference to Rg. 10. as to permit the first and second gratings 7c and 5d to face towards the sensor lens 8. 

Referring to Fig. 10. assuming that the direction of travel of the reflected laser beam LI from the beam 
splitter 4 towards the three-division element 7 is expressed by a Z-axis, then. X- and Y-axes which are 

40 perpendicular to each ottier lie in a plane perpertdk^lar to the Z-axis. Reference character 0 represents a 
line of direction connecting the tops of each row of the projections 7b of the first grating 7c (Rg. 6) together 
and reference character D represents a line of direction connecting the tops of each row of the projections 
7b of tfte second grating 7d (Rg. 6) togetf^. A symtxsl ^ represents a stereo ar>gl6 between the Z-axis and 
each of the lines C and D of direction of the first and second gratings 7c and 7d. The indirwrtion of the 

45 three-division element 7 relative to the Z-axis is so selected as to render ttie stereo angle ^ between the Z- 
axis and the Gne C to be equal to the stereo angle "9 t)6tween the Z-axis and the line D. Reference 
character T represents the angle t»etween the fines C and D of direction of the first and second gratings 7c 
and 7d. that is. the angle of crossing t»etween the first and second gratings 7c and 7d on the surface of the 
three-division element 7. The line m - n represents a center line of the three-division element 7 which 

50 divides the crossing angle T into two equal parts on the surface of the three-divl^on element 7. A symtxil A 
represents the ar^le formed t)etween the Z-axis and the tine m - n. The axis which is formed by projecting 
the center line m - n on ttie plane containing the X- and Y-axes coincides with ttie X-axis whereas ttie Y-axis 
is perpendicular to the X-axis. R ference characters Kc and Kd represent K vectCMfs defined on the surface 
of the sul>strate 7a in directions perpendicular to the lines 0 and D of direction of ttie first and second 
55 gratings 7c and 7d. respectively. Reference character TV represents the K vector angle formed t3etween 
these K vectors Kc and Kd. Reference diaracter 2a represents ttie angle of projection of the K vector angle 
Tk on the plan containing ttie X* and Y-axes. Reference characters Kl and K2 represents projected K 
vectors formed by projecting th K vectors Kc and Kd onto the plane containing the X- and Y-axes, 
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respectively. 

In the illustrated emljodiment, the projection angle 2a is chosen to l)e 30 .In other words, the angle 2a 
of projection of the angle Tk, formed t>etween th K vectors Kc and Kd perpendicular to the first and 
second gratings 7c and 7d on the three-division elem nt 7, respectiv ty, onto th plane containing the X- 

5 and Y-axes is chosen to be 90* . 

Th angle 6 represents tf>e angle formed between the X-axis and a polarizing plan P of th indd nt 
laser beam LI and is. in the illustrated embodiment chosen to be 90 ' . Accordingly, the polarizing plane P 
lies on the Y-axis which is rotated 90* from the X-axis dividing the projection angle 2a into two equal parts, 
and incfined 45* relative to each other of projected K vectors K1 and K2. 

10 Before the description of the operation of the three-division element 7 according to the first embodiment 
of the present invention proceeds, the operating characteristics thereof will first be discussed. 

Assuming that the angle e of the polarizing plane P of the incident laser beam LI is 0* . the polarizing 
plane P forms an angle a relative to each of the projected K vectors K1 and K2 and. therefore, the incident 
laser beam Li is symmetrical with respect to the K vectors K1 and K2, rendering the intensities of the 

IS transmitted and diffracted beams L2 and L3 to be equal to each other. When the angle e of the polarizing 
plane P Is increased from 0* towards 180* , the angle between the polarizing plane P and each of the K 
vectors K1 and K2 varies with concomitant change in intensity of the diffracted beams L2 and L3. The table 
shown in Rg. 11 illustrates an experimentally measured change in intensity of each of the transmitted and 
diffracted beams L2 and L3 with change in angle 0. 

20 During the experiment which led to the result shown in the table of Fig. 1 1. the laser beam having the 
wavelength X of 830 nm was employed and the three-division element 7 used was of a type having 0.52 
micrometers in grating pitch A, 0.6 micrometer *in both of the grating height he and hd/35 in angle A. 
124* in crossing angle T and 90* in projection angle 2a. The angle e of the polarizing plane P was 
adjusted from 0* to 180* for the purpose of measurement of the transmitted and diffracted beams L2 and 

25 L3. The results shown in the table of Fig. 1 1 is plotted in the graph of Rg. 12. 

According to the characteristic curves shown in the graph of Rg. 12. it seems that the angles each 
formed between the polarizing plane P and the projected k vector Kl are equal to each other when the 
angle e of the polarizing plane P is 0* and 90* . respectively, and therefore, the respective intensities of the 
transmitted and diffracted beams L2 and L3 become equal to each other. However, the both have actually 

30 exhibited a slightly different value prot)ably t>ecause of the difference in reflectance attritwjtable to the 
substrate 7a and the influence brought about by the surface indentations (See Rg. 8) along the m - n line. 
The operation will now be descrit)ed. 

Referring back to Rg. 9, the laser beam L emitted from the diode laser 1 Is. after having passed 
through the collimator lens 2, the beam splitter 4 and the objective lens 5. projected onto ttie magneto- 

35 optical recording medium 6 and is ttien reflected towards the beam splitter 4. The reflected laser beam L 
entering the beam splitter 4 is deflected towards the three-division element 7 as indicated by 1.1 whereat 
the laser t>eam LI is divided into ttwee beams, namely, two transmitted and diffracted beams L2 and L3 and 
a transmitted beam L4. Where a portion of the magneto-optical disc 8 at which the incoming laser beam L 
has been reflected towards the beam splitter 4 is not magnetized, the reflected laser beam LI enters tiie 

40 three-division element 7 with its polarizing plane P held at tfie angle 6 of 90* relative to the X-axis. In such 
case, since the respective angles between the projected k vectors Kl and K2 of the associated gratings 7q 
and 7d and the polarizing plane P of the laser Ijeam L1 incident upon tiie ttiree-division element 7 are [90 
- a (45* )], the respective intensities of the transmitted and diffracted beams L2 and L3 are equal to each 
other as shown in Rg. 12. 

45 On the other hand, where that portion of the magneto^ticai disc 6 at which the incoming laser beam L 
has been reflected is magnetized. tt» polarizing plane P of the reflected laser beam is rotated a slight angle 
A e by Kerr effect and the reflected laser beam LI enters the threeKliviskw element 7 witfi the angle 
between ttie polarizing plane P of ttw incident laser b>eam LI and one of ttie projected k vectors Kl and K2 
increasing and witti tiie angle between the polarizing plane P of ttie incident laser beem LI and the ottier of 

50 the projected k vectors Kl and K2 decreasing. In such case, since ttie respective angles between ttie 
polarizing plane P and the projected K vectors Kl and K2 of ttie gratings 7c and 7d are different from each 
ottier. a difference A L (See Rg. 12.) occur t«tween ttie respective intensities of ttie diffracted beams L2 
and L3. Accordingly, if ttie difference between ttie respective outputs from ttie photo-detectors 26 and 27 
witti ttie use of ttie differential detector 32, information recorded on ttie magneto-optical recording medium 6 

55 can t)e read out 

Ttie transmitted beam L4 referred to atxive and having passed tttrough ttie three-division element 7 is 
converged by ttie sensor lens 8 onto ttie four-division photOKletector assembly 28 so ttiat tti tracking and 
focusing conditi ns can be detected by ttie tracking and focusing detector 31 in a manner well known to 
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those skilled in the art. 

According to the illustrated embodiment, since the single three-division element 7 is ffective to divide 
the incident l)eams LI into three beam components, the three-division element 7 plays a role which has 
hitherto been performed by the two beam splitters in th prior art. Therefor , the polarizing optical element 
5 according t the present invention is effective to provide a great deal of information at I ss expenses and. 
moreover, the use of the threenivision element 7 contritHites to the reduction in size and cost of the 
polarization analyzing device comprising the three-division element 7, the photo-detectors 26 and 27 and 
the differential detector 32 and also the magneto-optical head system utiGzing this polarization analyzing 
device. 

/o It is to t>e noted that in the ilustrated embodiment the projection angle 2a shown in Rg. 10 has been 
desattsed as set to 90* . it niay be chosen to any value within the range of 0* to 180* . However, the 
projection angle 2a reflects a phase of each of the transmitted and (Sffracted beams L2 and L3 as shown in 
Rg. 12. Therefore, when the pfoiection angle 2a is cho$en to be 90*. the respective intensities of the 
transmitted and diffracted beams 12 and L3 vay in opposite directions with re^^ect to each ottier within the 

T5 range of 0* to 180* of the angle # of the polarizing plane P and, therefore, regardless of what value the 
angle of the polarizing plane Pmay take as shown in Rg. 10. the rotation of the polarizing plane P can be 
detected. 

By way of example, where the projection angle 2 a is chosen to 67* , \ha transmitted and diffracted 
beams L2 and L3 exhitMt such respective characteristics as shown in Hg. 13. and. at hatched areas S in the 

20 graph of Rg. 13. no change occur in the difference A L in Intensity between the transmitted and diffracted 
beams 12 and L3, and the intenaty difference A L t>ecome smaller than that given when the prt^ection 
angle 2a is chosen to 90* as shown in Rg. 12. Because of this, it is preferred that the projection angle 2a 
be within the range of 70* to 110* and. more preferably, within the range of 84* to 96* . 

Where the projection angle 2a is chosen to be within the range of 84* to 96* and the respective 

25 grating heights he and hd of the gratings 7c and 7d are chosen to be equal to each other, that is. where the 
respective diffraction efficiencies of tfie gratings 7c and 7d are chosen to be equal to each ottier. the 
intensity of the transmitted and dHfracted beam 12 increases (or decreases) accompanied by a correspond- 
ing decrease (or increase) by an equal amount of the , transmitted and diffracted beam 1.3 as shown in Rg. 
12, resulting in a minimized change in transmitted beam L4. Accordmgty. if arrangement is made that the 

30 intensity of the incident t>eam LI itself can be changed according to certain information, information can be 
read out from the change in intensity of the transmitted beam L4. 

On the other hand, where the projection angle 2 a is chosen to be within the range of 10* to 20* , the 
r/vo gratings 7c .and 7d will become generally parallel to each other with the consequence that the change 
in difference A L of the respective intensities between the transmitted and diffracted beams 12 and L3 will 

35 become small, however, the direcfions in which the diffracted t)eams L2 and L3 are emitted, respectively, 
approach to each other. In other woids. the angle formed b»etween the transmitted and diffracted beams L2 
and will become smaller. Acoonfingly, the polarization analyzing device and the magneto-optical head 
system can be manufactured compact 

As can be understood from Rg. 12 and the table of Rg. 11. the difference A L between the respective 

•fo intensities of the transmitted and dKfiracted t>eams L2 and L3 varies considerably when the polarizing plane 
P of the inddent beam LI assumes an angle e of atxKrt 0* . 90* or 180* . This phenomerron also occurs 
even when the projection angle 2a is 67* or in other cases. Accordingly, the position of the polarizing plane 
P of the incident l>eam LI is preferred to be inclined at an angle of 1 5* relative to tfie X-axis or Y-axis. In 
other words, it is preferred tfiat the position of the polarizing plane P fies at an angle of inclination within ttie 

45 range of + 5 * to -5 * relative to tie X-axis wNch divides the projection angle 2a into two equal parts or the 
Y-axis rotated 90* relative to tfie X-axis. In particular, where ttie angle a Is so selected that the intensity 
differerx;e A L can take a value of different sign (positive or negative) conresponding to the increase and 
decrease of tt^e angle 8 , for example, when the angle Q = 86* or Q + Afl =94*. ttie rotation of the 
polarizing plane P of tiie inddent beam LI can be detected merely by detecting the sign of the intensity 

50 difference A L 

In the foregoing embodiment although the angle t fonmed k»etween ttie first grating 7c (C line) and ttie 
Z-axis has been shown as being equal to ttie angle formed between ttie second grating 7d (D line) and ttie 
Z-axis, ttie botti may differ from each ottier. 

A mettled of making ttie ttwee-division element 7 of ttie constniction shown in and described witfi 
55 reference to Rg. 6 will now be descrt)ed. 

In ttie first place, ttie grating pitch A. ttie grating height hd (or he) and ttie crossing angle T of ttie ttiree- 
division element 7 have to be detennlned. The crossing angle T is dotenmined by ttie angles A and ♦ of 
arrangement used in ttie magn^wjptical head assembly utilizing ttie ttvee-division lement 7 and by tfie 



8 



EP 0 322 714 A2 



projection angle 2a. Accordingly, the relationship between these angles A, + and 2a and the crossing angle 
T has to be determined. 
Ref rring to Rg. 14. 

tan A ^ 0^/ On ^ -S— = coscf <1> 
tan (r?/(rn OR 



and 



cos ;9 X cos A = -P— X 



ITS 



ffl n 



0 n 

-=r = C 0 S ^ 

Rn ^ 



75 



wherein ^ = 90* - T/^ 
Therefore, 

sin T/2 X cos A = cos ♦ (2) 

■Rio cfDSSing angle Tcan be calculated from the equations (1) and (2) above. 

20 Then as shown in Rg. 15(a). after a photo-resist of 2.0 micrometers in thickness has been formed by 
the use of a spin coating technique on a surface of the substrate 7a made of BK-7 glass, the substrate 7a 
having the photo-resist is pre-baked to complete a photo-resist layer 7g. Subsequently, as shown in Rg. 15- 
(b) argon laser beams are radiated from two directions onto the photo-resist layer 7g at a predetermined 
angle Cx of incidence to effect a first interference exposure. After the first interference exposure, and after 

25 the substrate 7a having the photo-resist layer 7g has been rotated an angle equal to the crossing angle T 
(shown in Rg. 6). a second interference exposure is effected in a manner similar to the first interference 
exposure as shown in Rg. 15(c). Thereafter, the substrate 7a with the photoresist layer 7g thereon is 
developed in a developing solution and then flushed with pure water to complete the three^ivision element 

7 as shown in Rg. 6. , ^ • 

30 In the foregoing example of the method of making the three-division elenr^ent 7, the interference ' 
exposures have been utilized along with the use of the photo-resist layer, a light sensitive polymer 
compound such as a photo polymer may be emptoyed for the photo-resist layer and. as an exposure 
method, an electron scribing technique with the use of an electron beam or a direct scribing technique with 
the use of a laser beam may be employed for scribing each grating line. 
OS The three<liviskw element 7 manufactured in the manner as hereinabove described may be emptoyed 
as a matrix for the manufacture of a ntekel stamper by the use of an electroforming technique so that the 
nfckel stamper can be used for the mass-productiai of the repUcas of the three^ltvision element 7 by the 
use of any suitable dupficating method such as, for example, an injection mokJing method, a compression 
molding method or a photo polymer method (2P method). 
<o In the pr^rtfee of the interference exposure technique, although the grating pitch A shown in Rg. 6 is 
determined by the angle Cx, the grating pitch A of the first grating 7c and the gratirtg pitch A of the second 
grating 7d may be different from each other and. in such case, it can be accomplished if the different 
angles Cx shown in Rg. 15(b) and Rg. 15(c) are employed. Also, the first and second gratings 7c and 7d 
may be of a cuwed configuration as shown in Rg. 16 and, alterr^atively, the first and second gratings 7c 
« and 7d may be of a configuratton wherein the grating pitch A of e^ of the first and second gratings 7c 
and 7d varies progressively as shown in fig. 17. Yet althou^ not shown in the accompanying drawings, 
the first and second gratings 7c and 7d may be of a configuration wherein each of the first and second 
gratings 7c and 7d is curved arwJ has a progressively varying grating pitch A. 

A second preferred embodiment of the magneto-optical head system utiKzing the transparent three- 
50 division element 7 is shown in Rg. 18. Referring now to Rg. 18. reference numeral 9 represents a plate-like 
half mirror disposed between the objective lens 5 and the transparent three^ivision element 7. In the 
embodiment of Rg. ia the laser beam L emitted from the semiconductor laser source 1 is reflected by the 
half min^or 9 so as to travel towards the magneto<>ptical recording medium 6 through the otjjective lens 5. 
The laser beam L projected into the magneto-optteal recording medium 8 is subsequently reflected by the 
55 surface of the magnetoK)pecal recording medium 6 so as to trav I towards the half minror 9 through the 
objective lens 5. The reflected laser beam entering the half mirror 9 passes therethrough and fe then 
incident upon the three^fiviston element 7. The reflected laser beam Li entering the three-division element 
7 is in part diffracted and in part transmitted in a manner as hereinbofor described with reference to the 
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foregoing mbodiment. particularty with refer nee to Rg. 7, thereby providing the transmitted and diffracted 
laser beams 1-2 and L3 and transmitted laser beam L4. As shown in Rg. 18, the transmitted and diffracted 
laser beams L2 and L3 ar used for the reading of the information picked up from the magnetooptical 
recording medium 6. respectively, whereas the transmitted laser beam L4 is used for the detection f th 

5 tracking and focusing errors- Since the reflected laser beam incident upon the half mirror 9 is a converged 
light flux, a coma aben'ation would occur. However, this coma aberration can be advantageously com- 
pensated for by the three-division element 7. 

Rg. 19 illustrates the magneto-optical head system utilizing the three-division element 7 of a type 
integrated together with the semitransparent reflective layer (half mirror) 9 shown in and described with 

10 reference to Rg. 18, The assembly shown in Rg. 19 can be obtained by forming a semitransparent 
reflective layer 10 on a surface of ttie substrate 7a opposite to the surface thereof on which the first and 
second gratings 7c and 7d are (omned. Even the embodiment shown in Rg. 19 can function in a manner 
similar to that shown in and descn*bed with reference to Rg. ia 

According to the embodiment shown In Rg. 19, the number of necessary component parts can be 

15 minimized as compared with the system shown in Rg. 18 and, therefore, the magneto-optical head system 
can be made compact 

It is to be noted that the other components of the system shown in each of Rgs. 18 and 19 which are 
not described in the description of the associated embodiment are identical with those shown in Rg. 9 and 
the details thereof are not reiterated for the sake of brevity. 

20 It is to be noted that in any one of the embedments sfK>wn in Rgs. 9 and 18. the reflected laser t>eam 
LI . that is, the laser beam reflected from the magneto-optical recording medium 6. has been described as 
incident upon the three-diviston element 7 from the surface of the substrate 7a opposite to the gratings 7c 
and 7d. However, the reflected laser beam LI may be incident upon the three-division element 7 from the 
surface where the gratings 7c and 7d are formed. 

25 The construction wherein the three-division element 7 is integrated together with the half minror 10 as 
shown in Rg. 20 can be used as a transparent four-division element 11 (polarizing optical element), as 
shown in Rg. 21, for dividing ttio incident laser beam LI into the two transmitted and diffracted beams L2 
and L3, the single transmitted beam L4 arxj a single reflected beam L5. Rg. 22 illustrates the magneto- 
optical head system wherein the four-division element 1 1 shown in Rg. 21 is employed. 

30 In the embodiment shown in Rgs. 21 and 22, each of the first and second gratings 7c and 7d are so 
designed and so constructed as to have the grating pitch A of 0.52 micrometer and the grating height he or 
hd of 0.52 mkrrometer with the crossing angle T chosen to be 124* . The transparent four-division element 
11 is so positioned as shown in Rg. 23 that the angle A formed between the center line (m - n line) of these 
two gratings 7c and 7d and the Z-^xis can be 35* . Accordingly, where the direction of polanzatk>n of the 

35 incident laser beam LI is parallel to the X-axis or parallel to the Y-axis, the respective intensities of the 
transmitted and diffracted beams L2 and L3 are equal to each oth^ and, at the same time, since the 
transmitted t>eam L4 and the reflected beam L5 are produced, the inckjent beam LI can be divided into 
four beam components. More specifically. 20% of the incident laser beam LI is reflected by the 
semitransparent reflective layer 10 to provide the reflected beam L5: 30% of the beam component whose 

40 electric field vector is mainly diffracted by the grating 7d in a direction +45* { fl = 45*) from the X<^s is 
diffracted as the transmitted and diffracted tteam L2: 30% of the beam component whose electric field 
vector is mainly diffracted by the grating 7c in a direction -45* (-0 = 45* ) from the X-axis is diffracted as 
the transmitted and diffracted beam L3: and the remaining 20% are transmitted through the element 7 as 
the transmitted beam L4. In otfier words, the incident laser t>eam LI inckjent upon the four-division element 

45 7 is divkJed into the four t>eam components with the reflected laser t>eam L5. each of the transmitted and 
diffracted laser beams L2 and and the transmitted laser beam L4 occupying 20%. 30% and 20%, 
respectively, of the inckJent laser beam LI . 

The emtxM^ent of Rgs. 21 and 22 operates in the following manner. 

Where a portton of the magneto-optical disc 6 at which the incoming laser beam L has t>een reflected 
50 towards tt^ beam splitter 4 is not magnetized, the reflected laser beam LI enters the four-division element 
1 1 with its polarizing plane P heW parallel to the X-axis (or the Y-axis) as shown by the solid line In Rg. 23. 
In such case, since the directions of polarization of the first and second gratings 7c and 7d are klentical 
with each other, no cfifference occur between respective outputs from the photo-detectors 26 and 27 in Rg. 
22. On the otiier hand, where that portion of the magneto optical dsc 6 at which the incoming laser beam L 
55 has been reflected is magnetized, the polarizing plane P of tiie reflected laser t>eam is rotated a sfight angle 
A d by Ken- effect as shown by the broken fine in Rg. 23 and the reflected laser beam LI enters the four- 
division elen^nt 11 witii the polarizing plane P of tt^ incklent laser beam LI IncGned at an angle A $ 
relative to the X-axis (or the Y-axis) without the intensity of the reflected beam L5 varying. Also, th 
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directions of polarization with respect to the first and second gratings 7c and 7d are diffeient from each 
other, the intensity of the transrnitted and diffracted beam L3 inaeases and the intensity of Ihe transmitted 
and diffracted beam L2 decreases. Accordingly, the respectiv outputs from the photo-dctedors 26 and 27 
in Rg. 22 vary in re^)ective directions opposit to each other as shown in Rg. 24. TTierefom. by detecting 
5 th difference between the respectiv outputs from the photo-detectors 26 and 27 in Rg. 22 with the use of 
the differential detector 32» the infonmation picked up from the magneto-optical recording roecfium 8 can be 
read out 

Also, the tracking condition can be detected from the transmitted laser t>eam L4 by the photo-detector 
30 and the tracking enror detector 33 while the focusing condition can be detected from Ifie reflected laser 

10 beam L5 by the photo-detector 29 and the focusing error detector 34. It is to be noted that Ihe transmitted 
laser t>eam L4 and the reflected laser beam L5 may be used for the detection of the focusiig error and the 
tracking enror. respectively. It is also to be noted that each of the respective intensities of tfie transmitted 
laser beam L4 ^ the reflected beam L5 for use in detecting the focusing and tracking oooifitions remains 
constant regardless of the change occurring in the intensity of each of the transmitted andcfiffracted laser 

15 beams L2 and t3, a signaf processing performed by the photo-detectors 33 and 34 can be advantageously 
stat>iltzed. 

Where tfie four-<fivision element 11 having the semttransparent reflective layer of reffecfvity equal to or 
smaller than 50%, that is. the semltransparent reflective layer capable of reflecting 50% or a smaller 
amount of the inctdem beam, during the operation is utiSzed. any possible cross-talk between the focusing 

20 and tracking signals can be sut^stantialty eliminated in a manner similar to that in any one of the foregoing 
embodiments and the magneto-optk:al head system can be made compact 

The transparent four-division element 11 of the foregoing operating characteristic can be obtained by 
the use of a nnethod substantially similar to that used for the manufacture of the polarizing optical element 
shown in and described with reference to Rg. 7. More specifically, the transparent four-division element 11 

25 can be manufactured by forming, on the opposite surface of the transparent three-division element 7 shown 
in Rg. 7, a thin metal film of Ag or R or a multi-layered film of dielectric material witii the use of any known 
coating method. Accc^dingly, this transparent four-division element 1 1 can k>e easier to make than the beam 
splitter and is therefore inexpensive. 

Other than the construction shown in Rg. 20. the transparent four-division element 11 may take a 

30 construction shown in any one of Rgs. 26, 27 and 28. In the construction shown in Rg. 28, the transparent 
four-division element 1 1 comprises the substrate 7a having one surface coated with the semitransparent 
reflective layer 10 on which the first and second gratings 7c and 7d each having a grating fibdt\ equal to or 
shorter than the wavelength of the laser beam are formed in crossed fashion, said substiala 7a having the 
opposite surface coated with a non-reflective layer 12. In the construction shown in Rg. 27.tfie transparent 

35 four-division element 1 1 comprises the substrate 7a having one surface formed witii the irst and second 
gratings 7c and 7d in crossed fashion each having a grating pitch equal to or shorter tfuin to wavelength of 
the laser t)eam. sut)strate 7a having the opposite surface 10A made reflective so that fie laser beam 
reflected from the r^lective surface 10A can be used as the second reflected laser beam tS. The substrate 
7a and ttie gratings 7c arwJ 7d in the element 7 or 11 shown in any one of Rgs. 20, 26 and 27 can t)e in the 

40 form of the substrate 7a having one surface fonmed with tire first and second gratings 7c and 7d as shown 
in Rg. 28. 

The present invention also pertains to the provision of a reflective three-division etement (polarizing 
optical element), one example of which is shown in Rg. 29 in schematic side sectional representation. The 
reflective tiiree-divtskxi element generally identified by 14 is similar to the transpanant tfiree-division 

45 element 7 of tfie construction shown in and descrit)ed with reference to Rg. 6 wherein one surface of the 
substrate 7a is formed with the first and second gratings 7c and 7d in 120* crossed fastwn (T = 120* ) 
each of said first and secofKl gratings 7c and 7d having 0.5 mrcrometer in grating pilch A and 0.1 
micrometer in grating height he or hd. except that a reflective layer 13 of 100 angstroms in thickness is 
formed over the first and second gratings 7c and 7d as shown in Rg. 29, 

so Rg. 30 illustrates the magneto-optical head system utilizing the reflective three-division element 14 
shown in Rg. 29. As shown therein, the reflective three-division element 14 is disposed on one side of the 
beam splitter 4 opposiXQ to the objective lens 5 with the first and second gratings 7c and 7d facing towards 
the beam splitter 4 aiKl is so positk>ned that the angle A formed between the center line (m - n line) of tiie 
first and second gratings 7c and 7d and the Z-axis can be 35* as shown in Rg. 31. Accordhgly. where the 

55 polarizing plane P of the incident laser t>eam LI is parallel to thie X-axis or Y-axis, the respective intensities 
of the reflected and (fiffracted laser beams L12 and L13 are equal to each other and. at the same time, the 
reflective three-divisnn elenrtent 14 is effective to produce a reflected laser beam LI 5. Thus, the reflective 
threoKlivision element 14 can divide the indd nt laser beam LI into the two reflected and dWracted beams 
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LI 2 and LI 3 and the reflected laser beam LIS. Mor specifically, 35% of th t>eani component whose 
electric field vector is mainly diffracted by the grating 7c in a dir ction -45* {e = -45* ) from the X-axis is 
diffracted as the reflected and diffracted beam LI 2: 35% of the beam component whose electric field vector 
is mainly diffracted by th grating 7d in a direction 45* {d = 45*) from th X-axis is diffracted as the 

5 reflected and diffracted beam LI 3; and the remaining 30% are reflected by the element 14 as the reflected 
beam LIS. In other words, the Incident laser beam LI incident upon the reflective three-division element 14 
is divided into the three beam components with each of the reflected and diffracted laser beams LI 2 and 
L13 and the reflected laser beam LIS occupying 35% and 30%. respectively, of the incident laser beam LI. 
The operation of the embodiment shown in and described with reference to Rgs. 29 to 31 will now be 

•0 described. 

Where a portion of the nrtagneto-optical recording medium 6 at which the incoming laser beam L has 
been reflected towards the boom splitter 4 is not monetized, the reflected laser t)eam Li enters the 
reflecthre threeKltvision element 14 with its polarizing plane P held parallel to the X-axis (or Y-axis) as 
shown by the solid Gne in Rg. 31* In such case, since the respective directions of polarization with respect 

's to the first and second gratings 7c and 7d are identical with each other, rK> difference occur t)etween the 
respective outputs from the photo-detectors 26 and 27 in Rg. 30. On the other hand, where ttiat portion of 
the magneto-optical recording medium 6 at which the incoming laser beam L has been reflected is 
magnetized, the polarizing plane P of the reflected laser beam is rotated a slight angle A 0 by Kenr effect as 
shown by the broken fine in Fig. 31 and the reflected laser beam LI enters the reflective three- division 

20 element 14 with the dtrection of polarization of the reflected laser beam LI inclined an angle A e relative to 
the X-axis (or Y-axis). In such case, since the respective directions of polarization with respect to the first 
and second gratings 7c and 7d differ from each other, tfte intensity of the reflected and cfiffracted laser 
beam LI 3 increases while the intensity of the reflected and diffracted laser beam L12 decreases. 
Accordingly, the respective outputs from the photo-detectors 26 and 27 vary in respective directions 

25 opposite to each other as shown in Rg. 32. Therefore, by detecting the difference between the respective 
outputs from the photo-detectors 26 and 27 of Rg. 30 with the use of tho differential detector 32, the 
information picked up from ttie magneto-optical recording medium 6 can be read out. 

On the other hand, the reflected laser t>eam LIS is detected by tiie four-division photo-detector 
assembly 28 so that the tracking and focusing conditions can be subsequentiy detected by the tracking and 

30 focusing error detector 31 . 

As heretnat)ove descrit)ed, according to the emixxfiment shown in and described witii refo'ence to Rgs. 
29 to 31. the reflective tfiree-division element 14 series the function of the conventionally used two beam 
splitters, thereby contributing to the minimization of tiie numt^er of the required component parts. Also, 
since the reflective ttvee-<fivision element 14 may have the grating heights (0.1 micrometer) smaller ttnan 

J5 those (0.6 mk:rometer) used in the transparent threoKfivision element 7 shown in and descrilied with 
reference to Rg. 6, the manufacture of the reflective three-<&vision element 14 is relatively easy. 

The reflective threoKfivision element 14 of tt)e foregdng operating characteristic can be manufactured 
in a manner similar to the manufacture of the transparent tiiree-division element 7 shown in and described 
with reference to Rg. 7. except for an additional manufacturing step required to fonn the reflective layer 13 

40 made of a metallic layer of aluminum or silver, or a mufti-coated dietectiic film made of. for example, SiOa 
or TiOs, or a mixture tfiereof. 

Other ttian tiie construction shown in Rg. 29. tiie reflective three-division element 14 may take such a 
construction as shown m any one of Rgs. 33 and 34. In particular, in tiie construction shown in Rg. 33, the 
reflective three-diviston element 14 comprises the substrate 7a on which ttie diffraction gratings 7c and 7d 

45 are dtrectiy formed and subsequentiy covered by the reltective film 13. DeperKling on tiie requirements for 
the magneto-optical head system to meet tt)e reflective ttiree-dtvision element 14 may be made into a 
generally prism-like shape having an apex angle indicated by 0 A, other than tiie plate-like shape, such as 
shown in Rg. 34. 

Rg. 35 tllustiates a reflective four-division element 16 (polarizing optical element) in schematic side 
50 sectional representation. The reflective four-dMsfon element 16 comprises a first substi-ate 7a having first 
and second gratings 7c arxl 7d formed on one surface of tiie first substi'ate 7a so as to cross relative to 
each otiier at a aossing angle T of 120* , each of sakj flrst and second gratings 7c and 7d made of tiie 
material having a first predetermined refractive index Nl and having a grating pitch A of 0.5 nucrometer and 
grating heights of 0.5 mkrrometer. and a semitransparent reflective layer 10 overlaying tiie first and second 
55 gratings 7c and 7d and having a fight transmissivity of 20%. The light transmissivity of tiie semiti^nsparent 
reflective layer 10 may preferably be witiiin tfie range of 1 to 50%. 

The reflective four-divtekm element 16 in tiie emtxxSment shown in Rg. 35 also comprises a second 
sutDStrate 15 of a second predetermined refractive ind x N2 having a smooth surface 15a and overlaying 
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the semitransparent reflectiv layer 10 on the first substrate 7a with an indented surface 15b of the second 
substrate 15 h Id in contact with the s mitransparent reflective layer 10. thereby forming no void or 
interstic s between th second substrate 15 and the layer 10. and capable of passing 20% of the reflected 
laser t>eam LI and r fleeting the renr>aining portion of the reflected laser beam LI. The first and second 
5 gratings 7c and 7d and the second substrate 15 are so chos n that th first and second predetermined 
refractive indexes N1 and N2 are preferably equai to each other, namely, the gratings 7c and 7d arxl the 
second substrate 15 are made of the san^ material, or the refractive indexes N1 and N2 may give a 
difference of 0.03 or smaller theret^tween whereby rays of light passing through the polarizing optical 
element 16, that is, the reflective four-division element, will not be diffracted by the gratings 7c and 7d. 

w The magneto-optical head system utilizing the reflective four-division elenwnt 16 of the above de- 
scribed construction is illustrated in Rg. 36. As shown therein, the reflective four-division element 16 is 
disposed between the beam splitter 4 and the photo-detector assembly 30 with the smooth surface I5a 
""ttiereof fadng towards the beam splitter 4. 

The angle of orientation of the reflective four-division element 14 is shown in Fig. 37. As shown therein. 

rs the angle A formed between the center fine (m -n) line, dividing the crossing angle T between the first and 
second gratings 7c and 7d into two equal parts, and the Z-axis is selected to be 35* . Accordingly, where 
the polarizing plane P of the inctd^ laser beam LI is parallel to the X-axis or Y-axis, the respective 
intensities of the reflected and diffracted laser beams LI 2 and* LI 3 are equal to each other and. at ttie same 
time, the reflective four-division element 16 produces the reflected laser beam L15 and the transmitted laser 

20 beam LI 4. In this way. the reflective four-division element 16 according to the embodiment shown in Rgs. 
35 is effective to divide the laser beam LI incident thereupon into the four boam components including the 
reflected and diffracted laser bearns LI 2 and Li 3. the reflected laser beam LIS and the transmitted laser 
beam Li 4. More specifically, 20% of the incident laser beam LI is transmitted through the four-division 
element 16 by the action of the semitransparent reflective layer 10 as the transmitted beam LI 4; 30% of the 

25 beam component whose electric field vector is mainly diffracted by the grating 7c in a direction +45* (fl = 
45* ) from the X-axis is diffracted as the reflected and diffracted beam LI 2; 30% of the beam component 
whose electric field vector is mainly diffracted by the grating 7d In a direction -45* (-6 = 45*) from the X- 
axis is diffracted as the reflected and diffracted beam LI 3; and the remaining 20% are reflected as the 
reflected beam LI 5. In other words, the incident laser beam LI incident upon the reflective four-division 

30 element 16 is divided into the four beam components with the transmitted laser beam LI 4, each of the 
reflected and diffracted laser beams LI 2 and LI 3 and the reflected laser beam LI 5 occupying 20%, 30% 
and 20%, respectively, of the incident laser beam LI, 

The magneto-optical head system shown in Rg. 36 and utiliang ttie reflective four-division element L6 
of tiie constmction shown in Rg. 35 operates in the following manner. 

35 The manner in which information recorded on the magneto-optical recording medium 6 is read out from 
the reflected and diffracted laser beams L12 and L13 by the photo-detectors 26 and 27 in cooperation of 
the differential detector 32 is substantially identical with that accomplished by the embodiment shown in 
Rg. 30, 

On the other hand, the detection of the ti-acking and focusing conditions from the transmitted laser 

40 beam LI 4 and the reflected laser beam LIS by a series-connected circuit of photo-detector 30 and tracking 
error detector 33 and a series-connected circuit of photo-detector 29 and focusing error detector 34, 
respectively, is substantially identical with tfie similar detection of the tracking and focusing conditions from 
the transmitted laser t>eam L4 and the reflected laser beam L5 produced by the transparent four-division 
element 11 shown in and described with reference to Rg. 22. In other words. Ihe reflective four-division 

45 element 16 according to the embodiment shown in and described with reference to Rg. 35 operates in a 
manner substantially similar to. and can given effects similar to tiiose exhibited by. the transparent four- 
division element 1 1 according to the embodiment of Rg. 22. 

The reflective four-division element 16 of ttie construction shown in and described wrtti reference to Rg. 
35 can be manufactured in a nnanner substantially similar to the manufacture of the polarizing optical 

50 element ttiat is, the transparent three-division element 7 shown in and described with reference to F=ig. 6. 
More specifically, after the manufacture of a polarizing optical element similar in structure to the transparent 
tiiree-division elen^ent 7 shown in Rg. 6. a tfiin metal film of Ag or R or a multi-coated thin film of dielectric 
material is deposited on ttie first and second gratings 7c and 7d by ttie use of any known deposition 
technique, lor exampi , by the use of a vapor-deposttioo m ttwd. thereby to farm the semitransparent 

55 reflect^e layer 10 having a predetermined fight transmissivity and a predetermined reflectivity, foltowed by 
the formation of tfie second substrate 15 having the snoootti surface 15a by th use f any known method, 
for example, by tiie use of a spin coating method or a vacuum deposition method lo complete ttie reflective 
four- diviskw elem nt 16. During tfie -formation of til second substrate 15 overtaying ttie thin metal film r 



13 



EP 0 322 714 A2 



multi-coated thin lay r. care must l>e taken so as to avoid any voids or interstices between ttie second 

substrate 15 and the indentations in the ttiin nrwtal film or multi- coated thin layer that are following the 

complemental ind ntations in the first and second gratings 7c and 7d. 

It is to be noted that th first substrate 7a of the r flectiv four-division element 16 may be integrally 
5 formed with and made of the sam materiaJ as the first and second gratings 7c and 7d as shown in Rg. 38. 

Also, the first and second substrates 7a and 15 may be so shaped as to represent a generaHy prism-like 

shape as shown in Fig. 39. 

From the foregoing description of the present invention in connection with the various prefenred 

embodiments thereof, it has now become clear that since the polarizing optical element is provided with 
70 the first and second gratings crossing at the predetermined crossing angle T and each having the 

predetermined grating pitch equal to or smaller than the wavelength of the laser beam used in association 

therewith, the single polarizing optical element Is effective to produce the two dffr^rted laser beams and 

the single transmitted or reflected laser t)eams. 

In another aspect of the present invention in whkA the semitransparent reflective layer is formed in the 
IS polarizing optk:al element the polarizing optical element as a whole is effective to produce the two 

diffracted laser beams, the single transmitted laser beam and tiie single reflected laser beam. 

Accordingly, the polarizing optical etement according to the present invention can play a role hitherto 

perfonned by tt^ use of ttie two beam spHtters and ts therefore compact and inexpensive. 

Also, in the practice of the present invention, ttie projection angle 2a is selected to be witfiin the range 
20 of 70' to 110*. a change In difference between ttie respective intensities of the two diffracted laser beams 

can take place over a relatively wide range of change of the polarizing plane of the incomirig laser beam. 

and is relatively considerable. Therefore, the rotation of tfie polarizing plane can be easjiy detected. 

Particulariy where the projection angle is selected to be wittiin tfie more preferable range of 84* to 96* . the 

detection of ttie rotation of tiie polarizing plane can be facilitated and, since the change in intensity of the 
25 transmitted laser beam, a change in intensity of the laser l>eam emitter from the laser beam source can also 

he detected. 

Again, since the projection ar>gle 2a is relatively small, the angle formed ttetween the two diffracted 
laser beams can be narrowed and. tiierefore. the device utilizing the polarizing optical element according to 
the present invention can be made compact 

30 According to anotiier aspect of the present invention, since the polarization analyzing device is 
constructed with the use of tfie unique polarizing optical element which is effective to produce a 
combination of the single transmitted or reflected laser beam and the two cfiffracted laser beam, or a 
combination of the single reflected laser beam, the single transmitted laser beam arnl the two diffracted 
laser t>eam. the number of component parts necessitated in the polarization analyzing device can be 

35 advantageously minimized and therefore tfie device itself can be manufactured compact and inexpensive. 

Furtiiermore. according to the present invention, since the polariang plane of the incoming laser beam 
which subsequentiy enters tfie polarizing optical element is so designed as to lie wttfiin t 5* relative to ttie 
X-axis or the Y-axis rotated 90* from the X-axis, tfie respective intensities of tfie two diffracted laser beams 
can change considerably thereby facilitating tfie detection of tfie polarizing plane of tfie incoming laser 

40 beam. 

Yet ttie detection of any one of the focusing and tracking errors can be carried out without being 
accompanied by the aoss-talk between the detection signals associated respecti>^y with tfie focusing and 
tracking error detections, making it possible to manufacture the magneto-opticatf head system in compact 
size and at reduced cost 

45 The use of the semitransparent reflective layer on the surface of ttie substrate opposite to the surface 
wtiere tfie gratings arei formed is effective to permit ttie polarizing optical element to compensate for any 
possit>le coma aberration and. therefore, the polarization airxalyzing device can be manufactured compact 
with a minimized number of component parts. 

Although tfie present invention has hjlly been described in connection with the preferred emtxxltments 

50 tfiereof with reference to tfie accompanying drawings used only for tfie purpose of illustration, ttiose skilled 
in tfie art wiD readily conceive numerous changes and modifications within the frameworic of obviousness 
upon tfie reading of tfie specification herein presented of the present invention. By way of example, 
alttiough in any one of tfie foregoing embodments of the present invention it has been shown and 
d scribed that ttie crossing angle T between tfie first and second gratings 7c and 7d and tfie angle A 

55 t»etween ttie grating surface and the path of travel of fight represented by Z-axis are selected to be 120* 
and 35* , respectively, tfiey may not be always Gmtted ttiereto. but may be stAtably selected depending on 
tfie grating pitch K of each of tfie first and second gratings 7c and 7d and tfie wavelengtfi of ttie laser beam 
used. More specifically, in tfie practice of ttie present inv ntion, ttie crossing angle T may be of a value 
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within the range of 0* to 180* and the angle A may be of a value within th range of 0 to 30 so that th 
transmitted and diffracted lasei' beams L2 and L3. or the r fleeted and diffracted laser beams LI 2 and LI 3. 
can be produced. 

Also, in any ne of the foregoing OTitx)diments, the polarizing plan P of the incident laser beam LI has 

5 been shown and described as being parallel to the X-axis (or Y-axis). However, in the practice of th 
present inv ntion. wher the diffractiai efficiency of one of the first and second gratings 7c and 7d is 
different from that of the other of the first and second gratings 7c and 7d or where the m - n Gne does not 
He on the center line between the first and second gratings 7c and 7d. the polarizing plane P of the incident 
laser beam LI may be chosen as lying between the X-axis and the Y-axis. 

10 In addition, although in describing any one of the foregoing embodiments of the present invention the 
details of the focusing and tracking error detections have not been set forth, any techniques hitherto used in 
the commercially available devices can be enriployed. For example, as shown in any one of Figs. 26 and 40, 
the focusing condition may be detected by causing the reflected laser beam LI with the use of a lens (not 
shown) so as to impinge upon the fournlivision element 1 1 or 16 and then causing the four-division element 

IS 11 or 16 to produce the transmitted laser beam L4 or L14 with which the focusing enror can be detected 
according to an astigniatism detection method, and al^ the reflected laser beam L5 or LIS with which the 
tracking error can be detected accorcfing to a pushiNiU method. Other than those methods, a tracking error 
detection method utilizing three t>eams. a focuang error detection method according to the astigmatism 
detection method or by the use of Foucautt method, or any otf^ weO-known method can be empk>yed in 

20 the practice of the present invention. 

Yet, although in any one of the foregoing embodiments one t>eam has been shown and described as 
employed for the detection of each of the tracking and focusing errws. a three-t)eam method may fc»e 
employed in whteh case a grating (phase grating) may be provided t)etween the semiconductor laser 
source 1 and the collimator lens 2 in, for example, the emtxxliment of Fig. 9 for the tracking error detection 

25 and in which the focusing error detection is carried out by the use of the four-division photo-detector 
assembly 28. Also, a x/2 plate may be disposed at any arbitrary positiOT so that the polarizing direction of 
light can be varied. 

Furthermore, in any one of the foregoing embodiments, the laser tteam impinging upon the magneto- 
optical recording medium 6 has been shown and described as reflected from such magneto-optical 
30 recording medium 6. The present invention can, however, be equally applk:able to the processing of the 
laser beam which has been passed through the magneto-optical recorcfing medium. In other words, the 
polarizing optical element and the devk^e utilizing the same can be equally applicable to the configuration 
wherein Faraday effect is utilized. 

Accordingly, such changes and modifications »e, unless they depart from the spirit and scope of the 
35 present invention as delivered from the claims annexed hereto, to be construed as included therein. 



Claims 

40 1 . A polarizing optical element (7) which comprises a first sulDStrate {7a) having a first surface formed 
with first and second gratings (7c, 7d) so as to cross relative to each other at a predetermined crossing 
angle (T), each of said first and second gratings (7a, 7d) having a grating pitch (A) equal to or smaller than 
the wavelength of a laser beam (LI) which may be incident upon the polarizing optical element (7). 

2. The polarizing optical element (11) as claimed in Claim 1, further comprising a generally plateHike 
45 semitransparent reflective layer (10). 

3. The polarizing optk:al element (16) as claimed in Claim 1, further comprising a semitransparent 
reflective layer (10) overlaying the first and second gratings (7c, 7d) and a second substrate (15) having a 
smooth surface (15a) and an indented surface (15b) opposite to each other, said second substrate (15) 
toeing laminated over the semitransparent reflective layer (10) with the indented surface {15b) hekJ in 

50 contact therewith, said indented surface (15b) of the second substrate (15) being in complemental 
relationship in shape to the first and second gratings (7c. 7d). 

4. The polarizing optical element (14) as claimed in Claim 1 , further comprising a light reflective layer 
(13) fonmed over the first and second gratings (7c.7d). 

5. The polarizing optical element (11) as claimed in Claim 2, wherein the semitransparent reflective 
55 lay r (10) fias a reflectivity of 50% or kswer relative to the amount of the incoming laser beam (LI). 

6. The polarizing optical element (11) as claimed in Claim 2 or 5, further comprising a semitransparent 
reflective layer (10) deposited on a second surface of th substrate (7a) opposite t saW first surface wtwr 
the first and second gratings {7c, 7d) are fomned. 
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7. The polarizing optical element (1 1) as claimed in Claim 2 or 5, further comprising a semitransparent 
reflectiv layer (10) deposited over the first surface of the substrate (7a), said first and second gratings (7c, 
7d) being formed over th semitransparent reflective layer (10). said substrate (7a) having a second surface 
opposite to the first surface and having a non-reflectiv lay r (12) deposited thereon. 
5 a The polarizing optical element (16) claimed in Claim 3. wherein material forming the first and second 
gratings (7c. 7d) and second substrate (15) have respective refractive indexes (N1» N2) which give a 
difference of 0.03 or smaller therebetween. 

9. The polarizing optical element (16) as claimed in Claim 8, wherein material forming the first and 
second gratings (7c, 7d) and second substrate (15) are made of the same material. 
70 10. The polarizing optical element (16) as clain>ed In Claim 3. 8 or 9, wherein the semitransparent 
reflective layer (10) has a light transmisslvity within the range of 1 to 50% relative to the incoming laser 
beam (LI). 

11. The polarizing optical element (7) as claimed in any of Claims 1 to 10. wherein the K vector angle 
(Tk) formed between two K vectors (kc. kd) on the first surface in a direction perpendk^ular to the first and 

IS second gratings (7c, 7d) is selected to be within the range of 70* to 110* in terms of the projection angle 
(2a) formed by projecting the K vector angle (Tk) onto a plane perpendicular to the path (Z) of travel of the 
incoming laser beam (LI). 

12. The polarizing optical element (7) as claimed In any of Claims 1 to 10, wherein the K vector angle 
(Tk) formed between two K vectors (kc, kd) on the first surface in a direction perpendicular to the first and 

20 second gratings (7c, 7d) is selected to be within the range of 84* to 88* in tennns of the projection angle 
(2a) fomned by projecting the K vector angle (Tk) onto a plane perpendfcular to the path (Z) of travel of the 
' incoming laser beam (LI). 

13. The polarizing optical element (7) as claimed in any of Claims 1 to 10. wherein the K vector angle 
(Tk) formed Ijetween two K vectors (kc, kd) on the first surface in a direction perpendicular to the first and 

25 second gratings (7c, 76) is selected to be within the range of 10* to 20* in terms of the projection angle 
(2a) formed by projecting the K vector angle (Tk) onto a plane perpendknilar to the path (Z) of travel of the 
incoming laser beam (LI). 

14. A polarization analyzing device which comprises: 

a polarizing optical element (7; 1 1 ) comprising a substrate (7a) having a first surface formed with first and 
30 second gratings (7c, 7d) so as to cross relative to each other at a predetermined crossing angle (T), each of 
said first and second gratings (7c, 7d) having a grating pitch (A) equal to or smaller than the wavelength of 
a laser t^eam (Li) which may be Incident upon the polarizing of^cal element (7; 11). sakJ polarizing optical 
element (7; 11) being operable to produce two transmitted and diffracted laser beams (L2. L3) when the 
incoming laser beam (LI) is incklent upon the first and second gratings C7c, 7d) of the polarizing optical 
35 element (7; 11); and 

a differential detector means (32) operable -to detect the difference between the two transmitted and 
diffracted laser beams (L2, L3) thereby to provide an Indication of a polarized condition of the incident laser 
beam (Ll). 

15. A polarization analyzing device whteh comprises: 

40 a polarizing optical element (14; 16) comprising a sut)Strate (7a) having a first surface formed with first and 
second gratings (7c, 7d) so as to cross relative to each other at a predetermined crossing angle (T). each of 
sakj first and second gratings (7c, 7d) have a grating pitch (A) equal to or smaller than the wavelength of a 
laser beam (LI) wNch may be incident upon the polarizing optical element (14; 16). ar>d a semitransparent 
reflective layer (10) or a light reflective layer (12) fonned over the first arKj second gratings (7c. 7d). said 

45 polarizing optical element (14; 16) t>eing operable to produce two reflected and diffracted laser t>eams (LI 2. 
LI 3) wtien the incoming laser beam (LI) is incident upon the first and second gratings (/c. 7d) of the 
polarizing optical element (14; 16); and 

a differential detector means (32) operable to detect the difference between tiie two reflected and diffracted 
laser t>eams (LI 2. LI 3) tiiereby to provide an indication of a polarized condition of tiie incident laser beam 
50 (Ll). 

16. A n^neto-optical head system comprising a laser source (1) for emitting and projecting a laser 
beam (L ) on a magneto-optical recording medium (6) and utilizing a magneto-optical effect for reading 
information, recorded on the magneton^ptical recording medum (6), by the utilization of reflected or 
transmitted laser beasns (LI) reflected from or transmitted through th magneto-optical recording medium 

55 (6), wt^ch system comprises: 

a polarizing optical elemerrt (7) comprising a substrat (7a) having a surface formed with first and second 
gratings (7c. 7d) so as to cross relative to each other at a predetermined crossing angle (T). each of said 
first and second gratings (7c, 7d) having a grating pitch (A) equal to or small r than the wavelengtii of a 
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las r beam (LI) which may be incident upon the polarizing optical element (7). said polarizing optical 
lement (7) l>eing operaW to produce a transmitted las r beam (L4) and two transmitted and diffracted 
laser beams (L2, L3) when the incoming laser beam (LI) r fleeted from or transmitted through the magn to- 
optical recording medium (6) is Incident upon the first and second gratings (7c, 7d) of the polarizing optical 
s element (7); 

a detector (31) responsive to the transmitted laser beam (L4) from the polarizing optical element (7) for 
detecting at least one of tracking and focusing conditions; and 

a differential detector (32) operable to detect the difference between the two transmitted and diffracted laser 
beams (LZ L3) thereby to read the information- from the magneto-opticaJ recording medium (6). 

w 17. A magneto-optical head system comprising a laser source (1) for emitting and projecting a laser 
beam (LI) on a magneto-optical recording medium (6) and utilizing a magnet&optical effect for reading 
informatioa recorded on the magneto-optical recording medium (6), by the utilization of reflected or 
transnutted laser beams (LI) reflected from or transmitted through the magnetxhoptical recording medium 
(6). which system comprises: 

15 a polarizing optical element (11) comprising a substrate (7a) having a surface formed with first and second 
gratings (7c 7d) so as to cross relative to each other at a predetermined crossing angle (T). each of said 
first and second gratings (7c 7d) having a grating pitch (^ equal to or smaller than the wavelength of a 
laser beam (LI) which (nay be incident upon the polarizing optical element (11). said polarizing optical 
element (11) being operable to produce a transmitted laser beam (L4). a reflected laser beam (L5) and two 

20 transmitted and diffracted laser beams (L2, L3) when the incoming laser beam (LI) reflected from or 
transmitted through the magnetOKH^ticai recording medium (6) is incident upon the first and second gratings 
(7c, 7d) of the polarizing optical element (11); 

a first error detector (33) responsive to the transmitted laser beam (L4) from the polarizing optical element 
(1 1 ) for detecting one of focusing arKl tracking conditions; 
25 a secoixi error detector (34) responsive to the reflected laser beam (L5) from the polarizing optical element 
(1 1) for detecting the other of the focusing and tracking conditions; and 

a differential detector (32) operable to detect the difference between the two transmitted and diffracted laser 
beams (L2, L3) thereby to read the information from the magneto-optical recording medium (6). 

18. The magneto-optfcal head system as claimed in Claim 17, wherein sakj polarizing optical element 
30 (11) further comprises a semitransparent reflective layer (10) and wherein said r^lected laser bean\ (L5) is 

the one reflected from the semitransparent reflec^e layer (10). 

19. The magneto-optical head system as claimed in Claim 17 or I8,wherein the reflected laser beam 
(L5) is reflected from the other surface (10A) of the substrate (7a) opposite to sakj surface where the first 
and second gratings {7c. 7d) are formed. 

35 20. A magneto-optk:al head system comprising a laser source (1) for emitting and projecting a laser 
t^eam (L ) on a magneto-optical recording medium (6) arwl utilizing a magneto-optical effect for reading 
tnfonmatk)a recorded on the magneto^tical recording medium (6). by the utilization of reflected or 
transmitted laser beams (LI) reflected from or transmitted through the magnetOK)ptfcal recording medium 
(6). which system comprises: 

40 a polarizing optical element (16) comprising a first sut)strate (7a) having a surface fonned with first and 
second gratings (7c, 7d) so as to cross relative to each other at a predetermined crossirig angle (T), each of 
said first and second gratings (7c. 7d) having a grating pitch (A) equal to or smaller than the wavelength of 
a laser beam (LI) which may be incident upon the polarizing optical elenwnt (16), a semitransparent 
reflective layer (10) formed so as to overiay the first and second' gratings (7c. 7d). and a second substrate 

45 (15) having a smooth surface (15a) and an indented surface (15b) opposite to each other, said second 
suljstrate (15) being laminated over the semitransparent reflective layer (10) with the indented surface (I5b) 
heW in contact therewitti, sakj indented surface (15b) of the second sutjstrate (15) being in complemental 
relationship in shape to the first and second gratings (7c. 7d), sakj polarizing optical element (16) being 
operable to produce a transmitted laser beam (LI 4). a reflected laser beam (LI 5) and two reflected and 

50 diffracted laser beams (L12, LI 3) when the Incoming laser beam (LI) reflected from or transmitted through 
the magneto-optical recortfing medium (6) is incident upon the polarizing optical element (16); 
a first en-or detector (33) responsive to the transmitted laser beam (LI 4) from the polarizing optical element 
(16) for detecting one of focusing and tracking condttkxis; 

a second error detector (34) responsive to the reflected laser beam (L15) from the polarizing optical 
55 element (16) for detecting the other of the focusing and tracking conditx>ns: and 

a differential detector (32) operable to detect the difference between the two reflected and diffracted laser 
beams (L12. L13) thereby to read the information from the magneto-optrcal recortfing medium (6), 
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21. A magneto-optical head syst m comprising a las r sourc (1) for emitting and projecting a laser 
beam (LI) on a magneto-optical recording medium (6) and utilizing a magneto-optical effect for reading 
information, recorded on ttie magneto-optical recording medium (6). by the utilization of reflected or 
transmitted laser beams (LI) reflected from or transmitted through the magneto-optical recording medium 

5 (6). which system comprises: 

a polarizing optical element (14) comprising a substrate (7a) having a surface fonmed with first and second 
gratings (7c. 7d) so as to cross relative to each other at a predetermined crossing angle (T), each of said 
first and second gratings {7c. 7d) having a grating pitch (A) equal to or smaller than the wavelength of a 
laser Ijeam (LI) which may be incident upon the polarizing optical element (14), a light reflective layer (13) 

10 coated so as to overlay the first and second gratings {7c, 7d). said polarizing optical element (14) being 
operable to produce a reflected laser beam (LI 5) and two reflected and diffracted laser beams (LI 2. LI 3) 
when the tncoming laser t>eam (LI) reflected from or transmitted through the magneto-optical recording 
medium (6) is incident upon the polarizing optical element (14); 

a detector (31) responsive to the reflected laser beam (LIS) from the polarizing optical element (14) for 
rs detecting at least one of focusing and tracking conditions: and 

a differential detector (32) operable to detect the cfifference between the two reflected and diffracted laser 
beams (LI 2. LI 3) thereby to read the information from the magneto-optical recording medium (6). 

22. The magneto-optical head system as claimed In any one of Qaims 16 to 21. wherein the position of 
a polarizing plane of the incident laser beam (LI) is so selected as to be inclined at an angle of 5* or 

20 smaller relative to the axis (X) which divides into two equal part the projection angl0 (2a) fonned by 
projecting the K vector angle (Tk), which is delimited between respective K vectors (kc, kd) of the first and 
second gratings (7c, 7d), on a plane perpendicular to the path (Z) of travel of the incoming laser beam (LI), 
or relative to the different axis (Y) which is rotated 90* from said axis (X) dividing ttie projection ar^le (2a)- 
into the two equal parts. 

25 
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Fig. 1 
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Fig. 5 
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Fig. 6 
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Fig. 9 
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Fig. 11 
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0* 

10' 
20' 
3tf 
40' 
50" 
60' 
70 
80' 
90' 
100* 
110* 
120' 
130' 
140* 
150' 
160' 
170' 
180 



21 
U 
7 
2 
1 
3 
7 
14 
23 
33 
42 
49 
50 
52 
52 
50 
38 
30 
21 



- 7 

- 7 

- 5 

- 1 
+ 2 
+ 4 
+ 7 
+ 9 
+10 
+ 9 
+ 7 
+ 1 
+ 2 

0 

- 2 
-12 

- 8 

- 9 
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4 
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4 
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+ 6 
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- 3 
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+ 3 

+ 6 

+ 8 



-13 
-15 

-12 
- 7 
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+ 15 
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+ 19 
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+ 9 
+ 5 
+ 2 

- 4 

- 15 

- 14 

- 17 
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Fig. U 
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